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Caxheteri^tion method and SYSmEBl . 

FIELD OF Invention 

The present invention idates .to a me&od and systan Sjc guidixig a caflifito- al<Hig a blood vessel of 
apatient, especially for carrying out a cardiac caifaeterization. 

5 BACKGROUND OF INVENTION 

ConventiOTal catheterizations controlled by fluoroscopy are ^leraUy po^MUMd in hospitals, 
require con^lex X-ray equipment installed in a particular hospital fedlity such as a catheterization 
laboratory or radiology d^artmoot and must be carried out by qiedally qualified physicians trained 
in cafli^erization procedures- Coosequenfly, Aese conditions camiot be met in wnerg^des \dim die 
10 equipment and trained personnel required for catheterizatian are not readily available. 

However, in many cases where Acre is an urgoit need for calheterizatian, the rapid transfer of 
severely ill patients to a suitably equipped location can be quite probleanatic and may entail serious 
risks, even in Ibe case of in-hospital interventions. The transfer of a patient to the next suitably 
equq)ped hospital usually lakes scrae time and could afiect the paticatfs chances of survival. 
15 The U.S. Pat. No. 5,391,199, U.S. PaLNo. 6,246, 898 and the patent pubUcationW09945994 may 
iUustrate the prior art relating to conventional cath^rization using fluoroscopy imaging to show the 
progress of a catheter diroug^ a patientVbo(fy. 

A systan for MtemaUy kxating a cafiieter described in U.S. Patents No. 4,173,228, No. 5,425,367 
and No. 5,645,065 om^rises an external probe for locating a catheter tip having an inductive coil for 
20 delivering an induced signal in response to a rotating magnetic field generated by die external probe. 

However, in tbe m^ority of situations requiring catheterization, the heart's structures are tbe main 
targets of interest for intervwition and they constitute moving talgets with variable coordinates, vMch 
can only be determined with a limited degree of accuracy. 

ExtemaUy positioned 3-D sensors do not allow the intravascular positicm of the catheter to be 
25 ascertained and some degree of control by fluoroscopy is nevertheless necessary. 

SUM^MRy OF THE INVENIION 

An object of the pres^ invoition is to eJBEectively avoid the drawbacks and Ihnitations of X-ray 
equipment currently required for catheterizations in hospitals by providing a compact, portable 
cath^rizatim system suitable for widespread use to r^idly perform catheterizations in different 
30 settingsby various types of medical personnel. 

The presCTCt invention enables the advance of a caflieter to be defectively monitored by using 
signals delivered by a mobile sensor to detect any deviation prevaiting die advance of the cafliet^. 

The term catheter is g^erally applied here in its broadest possible srase in connection witii the 
present invention and is meant to include any elongated flexible member such as a cardiac catheter, 
35 guide wire, pacemaker lead or tbe like guided along a blood vessel in acco^ 
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Signals delivered by the mobile sensor arranged on tiie cafheter according to die present invoition 
xepxesGot impulses associated with tbe cardiac activity and correspond to an internal cardiogram of a 
patient, and have thus heea called cardiac signals vrith reference to Ifae invention. 

Tbe present invention now makes it possible to efifectivdy guide a caAeter along a blood vessel by 
5 combining a mobile sensor witfa an electronic unit to enable or interrupt flie advance of the catheter. 

Said signals dehvered by ^ mobile sensor are modified by an invei^ion of the position of the 
catheter tip and liable any deviation prevoiting the advance of the catheter to be detected. 

Consequmdy, the cath^r may provided with any suitable mobile sensor according to the 
invention to deliver signals that are modified by any deviation preventing the advance of the cath^r 
10 so as to duectiy or indirectly indicate any inversion of the position of the catheter tip or a 
correspondixig reversal of the direction of the flow of blood at the catheter tip. 

A me&od of gmdiiig a caOieter in accordance with the invention thus provides fbr monitoring ibe 
advance of the cathet^ by detecting any inversicm of the position of the catheter tq> witii respect to its 
advance along the blood vessd and retumigg the catii^er tip to a position enabling its advance. 
IS This method conq)rises gsoerating monitoring signals rdated to ibo cardiac activity and deUvraied 
during the advance of the cathetw by a mobile sensor on die catiaeter, conq>aring said monitoiing 
signals with a refer^ce, enabling the advance of the catheter vAx&x said signals correspond to said 
refermce and interrupting the advance when said monitoring signals deviate fiom said reference. 

A bipolar electrode may advantageously used to obtain monitoring signals corresponding to a 
20 referoice voltage to enable the advance ofthe catheter or to a second voltage to inteni^ 

A m^hod of catheterization according to Ifae invention comprises: genraating monitoring signals 
related to the cardiac activity and delivered during the advance of the catfaet^ by at least one mobile 
sensor cm the catheter adapted to deliver cardiac signals corresponding to inipulses associated with the 
cardiac activity and representing an internal cardiogram of a pati^ undeigoing catiietBrization; 
25 enabling the advance of the catheter wh^ said monitoring signals correspond to a referaice; and 
interrupting the advance whm said mcxiitoring signals deviate &om said reference. 

This me^od of catheterization moreover enables the poation of die catheter tip in contact with the 
wall of the heart cavity to be verified by creating impulses at the tip of the catheter and detecting the 
^pearance of corresponding induced signals on a sur&ce cardiogram of the patient. 
30 It moreover enables the entry of the cathet^ tip into the heart atriiun of the patient to be readily 
verified by detecting a significant increase m the an^litude of cardiac signals corresponding to atrial 
impulses and spearing on said intonal cardiogram. 

in addition, die passage of the catheter tip firom the atrium to the ventricb of the patient may be 
readily v^ified by detecting a signiiBcant increase in the amplitude of tiie cardiac signals 
35 correspcHiding to ventricular impulses and appealing on said internal cardiogram. 

The pres^ invention provides a cath^rization ^stm comprising a catheter provided with at 
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least one mobile seosor and an dectronic unit inchidiqg a central processor ocxmected to said mobile 

sensor via a filtra; an analpg-4a<]igital converter and a signal processor and ad^ted to conq^axe said 

cardiac signals and to deliver a GO signal, a STOP signal and an END si(gnal to respectively enable, 

int^Tupt or terminate the advance of fte catheter. 
S This catheterization syst^ may moreover advantageously conq>rise a device for obtainiog a 

sur&ce cardiogram, said device being a»mected to said central processor via a second filter, a second 

analog-^to-digital converter and a second signal processor. 

Said catheterization system may be advantageously provided witti a mobile sensor conq>rising a 

b^lar electrode adapted to deliv^ said cardiac signals and to generate impulses . 
10 The invention may be advantageously carried out to meet various diagnostic and dierapeutic 

functicnis by means of such a cattieterization system i^4ieran the catheter is provided vnOi one or 

more types of mobile sensors selected £rom the group induding a bipolar electrode, a flow sensor, a 

pressure sensor, a deflection sensor and an ultrasonic sensor. 

The invention may be illustrated by the embodim^ desoibed bdow by way of example with 
15 re&raice to ^acoHiqsanying drawings. 

BRIEF DESORIFTION OF im DR^ 

Fig. 1 shows a bq)olar electrode on the free end of a catheter. 

Fig. 2 ilhistrates the path of the catheter in a patient insd^rgoing a ca 

Fig. 2a is a sdiematic view of the heart region of the pati^ undeigoing a cardiac catfaeterizaticMi 
20 Fig. 2b to 2d indicate possible deviatioiisofthe catheter tip from the catheterization patl^ 
Fig. 3 rq>resents a block diagram of an electronic unit associated with the bipolar electrode. 
Fig. 4 illustrates various signals relating to the cadieterization. 

DESCRIFnON OF PREFERJEyED EMBODIMENTS 

The tip of the catheter C shown in Fig: 1 is provided with a mobile sensor Sm in.the form of a 
25 bipolar electrode serving to deliver cardiac signals cs representing electrical impulses assodated widi 
the ceirdiac activity and includiug a v^itricular signal cv and an atrial signal ca conespcHidii^ 
respectivdy to die vraitricular conqplex: and to the atrial wave of an internal cardiogram of a i>atieat 
und^going catheterization. The b^lar electrode Sm also enables the emission of electrical urqpulses 
in die heart of the padeat, 

30 Fig. 2 represents points 1 to 4 indicating various positions of die bipolar electrode Sm on the path 
of the catiieter C extending from the fonoral vein to the vena cava inferior of a patient and points 5 
and 6, 7 respectively indicating positions of the catheter tip in the right atrium and in the ri^ 
VMitricle of the patioot's heart. Fig. 2 and 2a further rq)reseot the points 2d, 3d and 5d indicatii^ 
possible deviations of the catheter tip from the required path 1 to 7. 

35 A device SCG for measuring a sur&ce-cardiogram, comprisiog stationary sensors in contact with 
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tte skin of the patent imd^oing cadieterizatioa, is fiutfaer indicated sdiematically in Fig. 2 and 
serves to deliv^ siu&ce cardiac signals sc includiiig a sur&oe ventricular signal sv and a sur&ce 
atrial signal sa correspondii^ to the QRS-oomplex and llie P-iwave of a surfice caidiogiani. 

Fig. 2a further shows an enlarged view of the heart region indicating the path of the catfacfcer tip 
5 fiom 4e point 4 in the vena cava inferior to the point 5 in the right atrium and the point 6 in the right 
ventricle of the patient's heart. A possible upward cteviation of the catheter tip fiom the point 5 in tiie 
right atrium to the point 5d in the vena cava superior is also indicated in Fig, 2, 

Fig. 2b schematically represoits the form and polarity of the ventricular signal cv delivered by the 
bipolar electrode Sm and the corresponding digital signal dcv in case die cath^er tip is deviated 
10 laterally as indicated in Fig. 2 and 2a fixm the point 2 to the point 2d in a secondary vein. IhefOTtnof 
the ventricular signal cv is rq)resQtxted sdiematically in Fig. 2b by the ventriodar-oon^lex and a 
conesponding digital signal dcv r^resoits the polarily and the peak-to-peak-amplitude of the 
ventrioilar coaxplsK. 

A conq>arison of the points 2 and 2d shows that the signal cv delivered after the lateral deviation to 
15 Ae point 2d is inverted with respect to tibat delivered at the previous point 2, fte sig^ 

2d having a descending branch before an ascending brandi of tiie ventricular complex, the 
corresponding digital signal dcv being negative at the point 2d, as opposed to the positive digital 
signal dcv at the pomt 2, at which the signal cv has the usual form of a VCTtricular signal complex 
comprising an ascending branch followed by a descending branch. 
20 Fig. 2c similarly illustrates tiie form and polarity of the ventricular signal cv delivered tiie 
bipolar electrocte Sm in case the cathet^ tq> is deviated downwards and folded to the inverted position 
indicated at the point 2e. 

A conq>arison of the points 2 and 2e shows that the signal cv delivered at the point 2e is inverted 
with respect to that delivered at the previous point 2, the signal cv at the point 2e having-a descending 
25 brandi before an asc«iding brandi, the corresponding digital signal dcv being negative at the point 
2e, as opposed to the signal dcv at the point 2, at which the signal cy has the usual form of a 
ventricular signal ccanprising an ascending brandi followed by a descending branch. 

Fig. 2d moreover illustrates the form and the polarity of the v^itricular signal cv delivered by the 
bipolar electrode Sm in case the catheter tip is deviated upwards fiom the point 5 in the ri ght atrium 
30 oflhe heart to the point 5d in tiie vena cava superior. 

A comparison of the points 5 and 5d shows that the signal cv ddivered at the point 5d is inverted 
witibt respect to that delivered at the previous point 5, the v^itricular signal cv at the point 5d having a 
descending brandi before an ascending brandi, tiie conespondixig signal dcv being n^ative at the 
point 5d, as opposed to the positive signal dcv at the point 5, at which the signal cv has the usual form 
35 of a ventricular signal comprising an ascending brandi followed by a descending branch. 

It may moreover be seen fiom Fig. 2d that significant analog and digital atrial signals ca and dca 
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q)pear between tfae analog and digital vCTtricular signals cv at llie point 5 situated in flie rigfbt atrium 
of the patimt's heart. 

Hie electronic unit EU lepresoited in Fig. 3 cQn^>rises a central processor CP ^diidi is connected 
to Ifae bipolar electrode Sm (Fig. 1) via a filter Fl, an aiialQg4o-digital ccmverter A/Dl and a signal 
S processors SPl and is further connected to die sur&ce-cardiogram device SCG via a seccnd filter F2» 
a second analog-to-digital converter A/D2 and a signal processor SP2. 

Hie signal processor SPl serves to deliver digital cardiac signals do corresponding to the polarity 
and the aiiq>litude of the successive internal cardiac signals cs received fix>m the bipolar electrode Sm 
dunug the advance of tibe catfa^r C. 
10 Hie second signal processor SP2 serves to deliv^ digital time signals ds conesponding to the 
vQitricular compcment sv of die successive sur&ce cardiac signals sc received from the sur&ce- 
dectrocaidipgram device SCG (Fig. 2). . 

The central processor CP is ananged to compare the polarity^ and the peak-to-peak amplitudes of 
die ventricular complex, of successive signals cv received fixmi tfae bipolar electrode Sm via Ifae filt^ 
IS Fl, the converter A/Dl and the signal processor SPl and to deliver three control signals, comprising: a 
GO signal serving to liable the advance of Ihe catheter C whoi the signal cv is positive and its peak- 
topeak an^>litude increases during die advance of the catheter, a STOP signal serving to interrupt tli^ 
advance of the catheter when said signal cv becomes negative and its amplitude decreases and an 
END signal serving to termiiiate the advance ofthe catheter \vhm it has rea<^^ 
20 Fig. 4 illustrates the variation of the successive digital signals dc obtained fix>m the bqK)lar 
electrode Sm aa the catheter tip, as well as the modification of the control signals GO, STOP, END 
obtained firom the electronic unit £U, as a functicm of time t^ during the cardiac catheterization along 
the path indicated by the points ItoTinFig. 2. 

It may be seen firom Fig. 4 that the digital ventricular signal dc obtained fitxm Ihe bipolar electrode 
25 Sm and the ccmtrol signal GO from the dectronic unit EU remaui positive as loig as the bipolar 
electrode is situated at the points 1 to 6 along the cadieterization path indicated in Fig. 2. 

As may fruther be seen from Fig. 4, the amplitude of the analog and digital v^itricular signals cv, 
dcv increases gradually as the ceitheter tip advances along the path from the point 1 to the point 7. 
On the other hand, as soon as the catheter tip is deviated to the points 2d or 3d, the digital signal cd 
30 becomes negative and the ccmtrol signal GO becomes negative and the STOP signal become positive 
in order to interrupt the advance and enable the deviation to be corrected by partially wididrawing and 
rotating the catheter and so as to rdum it respectively fitxtn the point 2d to the point 2 and fix>m the 
pomt 3d to the point 3. 

Fig. 4 fiirther shows that, when the catheter tip passes &om the point 4 in the v^ia cava inferior to 
35 the point 5 in the right atrium RA of the patient's heart, the digital signal dc obtained from the bipolar 
electrode Sm exhibits a sudden increase of die analog and digital atrial signals ca and dca, which 
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deaily appear betweea tiie ventricular signals cv and dcv, so Ibat tiie pieseoce of Ihe catfaeta tip can 

be thereby definitdy established main tliei^^ padent. 

It can also be seen fiom Fig. 4 tbat said atiial signals ca and dca disappear (nee mm as soon as 

the caib^r tip passes at the point 6 from the rigjit atrium RA into the right vmtricle RV, so that the 

5 presence of the catbeto tip can be thereby also cleariy establidied within fl^ 
patient. 

It may be noted that the final point 7 corresponds in this case to the taiget of the caxxliac 
catheterization where the catheter tip lies in contact with the wall of the right vmtricle RV of the 
pati^*s heart and the electronic unit delivers an END signal to terminate Ihe advance of tiie catfa^. 

10 The analog and digital ventricular signals sv and dsv obtained from the device SCG aie finally 
shownm Fig. 4 and correspond to a sur&ce cardiogram of the patient undergoing catfaeterizaticni. 

The contact of Ae catheter tip with the wall of tbe ri^t ventricle RV may be verified by creating 
pmodic pulses on the ventride wall and detecting the appearance of conespondii^ induced signals sp 
and dsp betwe^ the successive v^itricular signals sv and dsv in the sur&ce cardiogram obtained by 

15 means of the device SCG. The vertical arrows marked P at the bottom of Fig. 4 nidicate each time a 
periodic pulse is ^plied to the wall of the right ventricle RV. Said periodic pulses may be obtam^ by 
periodic tapping of tiie catheter tip on ttie wall of the ri^ ventricle, or by g^ierating periodic electric 
impulses from the bqx>lar electrode Sm on the cadieter tip in contact with Ihe wall of the right 
VCTtride. 

20 The described conibinaticm of the bqjolar electrode Sm on die cath^ tip wifli the device SCG 
and the electronic unit EU thus enables the electronic unit to d^iect the induced signal dsp, to deliver 
m END signal and to ccHitrol the contact of the bqiolar electrode with the wall of the right vmtride . 

The present mventi<m provides a c(»nbination of advantages vriiicfa efifectively overcome the draw- 
badcs and limitations of convmtional catheterization under the control of fiuotosccpy as wdi as 

25 ahOTiative tedmiques proposed to control the insertion of catheters by 3-D imst^n^ or external 
catheter-tip detectors. The following advantages of the invention may be dted by way of example. 

a. Catheterization can be perfonned without reqxiiring fluoroscopy . 

b. As opposed to entirely manual control of catheterization using 3-D imaging or external cath^r 
tip detectors systems, the present invoition achieves a major progress due in view of the feet that 

30 mformation associated with the cardiac cycle is now obtained from the movable and stationary 
sensors respectively on the catheter tip and on a patient's skm and processed by the electronic unit so 
as to automatically deliver control signals whidi oiable or halt the prpgress of the cadi^)^. 

c. Catheterization can now be adiieved witii very cxxapaU equqmient y/bidi can bei easily 
transported and applied as required in various settings such as an am^mlgfy^^ a patient's home^ a 

35 public place or a physician's practice, as well as in various hospital locations not usually equq>ped 
with fluoroscopy such as an Intensive Care DepartmCTt, an Operating Room or the hke. 
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cL Hie use of the catlieter-g;aidiiig system accordii^ to ^ invoiticm is hi^ily sim plified lhaoks to 
control signals delivered by the electionic unit can be readily used by varioos types of medical 
persosmd trained in vessel puncture, such as ambulance pbysicians, anesthesiologists, nurses or 
paramedics. 

5 e. Consequently, catheterizations may now be duly adiieved in emergencies for various purposes 
sudi as establishing a diagnosis (raidocavitary ECG in anhytfamia), monitoring (pulmonary artery 
pressure mcttiitoring) and delivering a corresponding Aerapeutic intervention (^ocavitary pacing, 
arrhythmia overdrive, defibrillation, clearing arterial obstructions). 

f. The heart structures constttuting moving targets with unknown coordinates may be reached by 
10 combining the mobile and stationary sensors on the catheter tip and on the patient's skin with die 

dectronic unit in accordance with the invoition. 

g. Transmission of the internal cardiograms is intmupted in case the lip of the catheter perforates 
the blood vessel, so that the advance of the catheter may be interrupted via the dectrooic unit in order 
to enable the return of cath^r to the blood vessel, tiiereby increasing the security of the 

IS catheterization procedure. 

h. Tte combination of the catheter with the electronic unit may be readily adq>ted to meet most 
diagnostic, therapeutic and monitoriiig functions that may be required wh^ performiiig 
catheterization procedures for dififerent purposes. 

Ihe above advantages may moreover be adiieved by differ^ variants of the cathrterization 
20 system described above by way of example. 

The invention may be carried out wiOi various types of sensors sudi as pressure sensors or 
acoustic sensors provided on the catheter tip in addition to or instead of a bipolar electrode 

The cadieter may be provided for 6xan:q>le with various cc»nbinatioas of a b^x>lar electrode with a 
pressure sensor, a flow sensor adapted to determine the directicxi and speed of the bloqd flow, or an 
25 acoustic sensor, notably an ultrasound soisor. Sudi combinations of sensors may moreover be 
adapted to provide various types of information of interest r^arding the cardiac activity, the blood 
circulaticHi and the blood vessel of a patient. 

The invention is particularly suitable for apphcations requiring cardiac catheterizations to be 
performed in case of emergency when special hospital &cilities and personnel are not readily 
30 available. 



